The caridean shrimp Alvinocaris muricola has been observed forming high density populations over mussel beds on the giant pockmark cold seep site Regab in the Gulf of Guinea at 3150 m depth. Samples were collected using the ROV Victor 6000, a beam trawl and a TV grab from two sites. The specimens were sexed and measured for population structure analysis. In one sample the sex ratio was 1:1, but the other sample had a sex ratio signi¢cantly biased towards females. The maximum size of females is larger than males. A sub-sample was used for gametogenesis and fecundity analysis. The oogenesis and spermatogenesis of A. muricola is characteristic of caridean shrimps. The oogonia proliferate from the germinal epithelium and develop into previtellogenic oocytes that migrate to the growth zone. Vitellogenesis starts at 80^100 mm oocyte size and the developing oocytes are surrounded by a monolayer of accessory cells. The maximum oocyte size was 515 mm. There was no evidence of synchrony in oocyte development, with all oocyte stages present in all ovaries analysed. However, seasonal sampling would be necessary to con¢rm the lack of seasonality in reproduction. In males, the sperm develops in sperm sacs in the testis. As in all caridean shrimp, the broods of A. muricola are held on the pleopods P11 to P14. Total fecundity was related to female size and ranged between 1432 and 5798 embryos. Within a brood all embryos are at the same stage of development, but three di¡erent stages were identi¢ed in di¡erent females, with no clear seasonal trend. The embryos were small, with mean dimensions of 0.66Â0.55 mm, suggesting planktotrophic larvae and a potential extended larval development.
INTRODUCTION
The interest on chemosynthetic ecosystems stimulated by the discovery of hydrothermal vents in 1977 was strengthened with the discovery of cold seep communities in the Gulf of Mexico in 1984 and the subsequent ¢ndings of chemosynthetically driven communities in other highly reduced sediment habitats (i.e. whale falls, sunken wood and areas of low oxygen intersecting with the continental margin) (Sibuet & Olu, 1998; Levin, 2003; Tunnicli¡e et al., 2003; Levin, 2005) . Cold seeps occur both in geologically passive and active continental margins. These habitats are characterized by the seepage of cold £uids enriched with methane and high concentrations of hydrogen sulphide of microbial origin (Levin, 2005) . As in hydrothermal vents, the biological communities in cold seeps are sustained by the production of chemoautotrophic bacteria that use the reduced chemicals in the pore waters as source of energy. These microorganisms are both free-living and symbiotic with the megafauna.
Since the discovery of deep-water chemosynthetic ecosystems, an increasing number of sites and their communities have been described (Tunnicli¡e et al., 1998) . Approximately 550 species have been identi¢ed from hydrothermal vents and surrounding habitat (Desbruye' res et al., 2006) , while approximately 200 species have been found from cold seeps (K. Olu, personal communication) and over 400 morphological species have been identi¢ed from whale falls, but most of which still await taxonomical analysis . Following the initial discovery phase, the biology and ecology of some of the major species from vents and seeps have been studied (Tunnicli¡e et al., 2003) . However, the di⁄culty of regular sampling and of reproducing these natural environments in the laboratory (high pressure in particular) makes it especially arduous to study in detail the physiology of their species. In particular, little is known on certain reproductive aspects (e.g. age at maturity, timing of spawning, larval ecology) of most vent and seep species (Tyler & Young, 1999) . The knowledge of the life history traits of a species is essential to understand its ecology, population dynamics, gene £ow and resulting biogeography (Ramirez-Llodra, 2002) . Among the life history traits of an organism, fecundity is an important variable because of its relationship with the production and survival potential of o¡spring and maternal investment in reproduction. The relationship between fecundity and energy budget is based on tradeo¡s between number and size of eggs, ranging from the production of a high number of small eggs to the production of a small number of large, rich eggs (McGinley et al., 1987; Stearns, 1992; Ramirez-Llodra, 2002 for a review). Information on sex ratio, gametogenesis, fecundity and egg type is essential to understand the population structure of a species and the environmental and ecological factors a¡ecting its continuity. This information together with molecular studies helps understand patterns of gene £ow and will result in a better understanding of biogeographical patterns and taxonomic relationships.
In the family Alvinocarididae, endemic to reduced environments, the genus Alvinocaris is represented by nine species. Komai & Segonzac (2005) have recently produced a thorough revision providing the basis for the taxonomy of this genus. Alvinocaris muricola Williams, 1988 , is found in the South Barbados Prism (Olu et al., 1996) , the Gulf of Mexico (Williams, 1988) , Blake Diapir and the Congo Basin (Komai & Segonzac, 2005) , over mussel beds. It is a scavenger on the mussel bed fauna and it has been observed feeding on mussels that had been broken by the articulated arm of the submersible. In spite of the distance separating the Gulf of Guinea and the Gulf of Mexico, these authors did not distinguish any morphological di¡erence between the populations of A. muricola in these two areas.
Two cold seep sites have been discovered and explored in the Gulf of Guinea region since 1998 (Figure 1 ). The Regab site is a giant pockmark north of the Za|« re River canyon, at 3150 m depth, discovered in 1998 by the French cruise Zairov (Ondre¤ as et al., 2005) . Its faunal composition is similar to that of cold seep sites located in the Paci¢c and Atlantic Oceans and in the Gulf of Mexico (Tyler et al., 2003) , including the siboglinid tubeworm Escarpia southwardae (Andersen et al., 2004) , the mytilid Bathymodiolus spp., vesicomyid Calyptogena sp., galatheid crabs (Macpherson & Segonzac, 2005) , caridean shrimp (Komai & Segonzac, 2005) and the holothurian Chiridota sp. The alvinocaridid shrimps are present in high densities (up to 300 ind m À2 ) among the mytilids and tubeworms (Komai & Segonzac, 2005) . In 2002, a German cruise (M56) explored a site 100 km north of Regab, with a similar faunal community, except for the absence of mytilid bivalves. Finally, in 2003, a new site bordering the north of Regab was discovered while trawling during the Bioza|« re 3 cruise. The presence of several species known to be endemic of cold seeps, including several hundred Alvinocaris muricola, indicated clearly that this sampling took place at least on the edge of the Regab pockmark.
In this paper, we describe patterns of population structure, gametogenesis and fecundity of Alvinocaris muricola from the Gulf of Guinea cold seeps. The results are discussed and compared with the available data for other alvinocaridid shrimps from cold seeps and hydrothermal vents.
MATERIALS AND METHODS

Sampling
The material studied was collected during ¢ve cruises organized by French and German teams to the Regab and M56 sites on the Gulf of Guinea, West African continental margin (Figure 1 ; Table 1 ). The description of the Regab area can be found in previous publications (Andersen et al., 2004; Komai & Segonzac, 2005; Macpherson & Segonzac, 2005; Ondre¤ as et al., 2005) . The M56 site is described in Komai & Segonzac (2005) , who initially named this site 'Congo Fan'. The samples of Alvinocaris muricola were collected using the slurp gun on the ROV Victor 6000 (Za|« rov, Bioza|« re 1 & 2), a TV grab (TV grab, Station GeoB8212-2, M56) and a beam trawl (CP 20, Bioza|« re 3). The samples were ¢xed in formalin and preserved in 80% alcohol. The shrimps were identi¢ed to the species level in the sorting centre Centob (Ifremer, Brest).
Population data
A total of 474 specimens was collected (Table 1 ). All specimens were sexed and carapace length (CL) measured from the posterior margin of the orbit to the midpoint of the posterodorsal margin of the carapace. The CL was Figure 2 . Light histology sections of (A^D) ovaries and (E,F) testis of Alvinocaris muricola. ac, accessory cells; dg, digestive gland; gw, gonad wall; n, nucleus; og, oogonia; pvo, previtellogenic oocytes; spz, spermatozoa; vo, vitellogenic oocytes. measured to the nearest 0.1mm with precise callipers and wet weight was measured to the nearest 0.1 g with a precise balance after absorption of excess preservative £uid. Sex ratio was estimated and di¡erences from 1:1 ratio analysed with a w 2 -test.
Reproduction
A total of 20 females and 25 males collected during Bioza|« re 2 and 3 were used for reproductive analysis. Gametogenesis was studied by analysis of histological sections. The gonads were dissected out, processed for histology, sectioned at 7 mm and stained with haematoxylin and eosin. The Feret diameter of all oocytes that had been sectioned through the nucleus was measured using the image analysis package SigmaScanPro4. Oocyte sizes were grouped in 20 mm size-classes and oocyte-size^frequency diagrams constructed for each individual.
Size-speci¢c fecundity was used to compare the reproductive output of Alvinocaris muricola with that of other known cold seep and hydrothermal vent shrimp. Fecundity and embryo size were quanti¢ed in 11 ovigerous females. The embryo batch was considered complete when the embryos were regularly grouped between the abdominal segments. All embryos were counted directly under a binocular dissecting microscope. Total fecundity is given as number of embryos per female and relative fecundity (size-speci¢c fecundity) is calculated as number of embryos divided by CL. Total fecundity was correlated with carapace length and the Pearson Product Moment Correlation test was applied to the data. The lesser and greater diameters of 100 embryos in the broods of 10 females were measured using SigmaScanPro4. Mean embryo diameters were calculated and di¡erences between females analysed using analysis of variance (ANOVA).
RESULTS
Population data
Of the 474 specimens analysed, 382 were females, 54 were males and 38 were juveniles (Table 1 ). The sex ratio in the sample from Bioza|« re 2 did not di¡er signi¢cantly from the 1:1 expected with 66 females and 45 males (w 2 ¼ 3.973, 1df, P40.05). On the other hand, the sex ratio from Bioza|« re 3 was signi¢cantly biased towards females, with 309 females and 8 males (w 2 ¼ 285.8, 1df, P50.01).
Gametogenesis
The ovaries of Alvinocaris muricola are paired organs situated dorsally under the carapace overlying the digestive gland. The ovaries consist of several layers of developing oocytes enveloped by a thin gonad wall. The oogonia proliferate from the germinal epithelium and develop into previtellogenic oocytes ( Figure 2A ). These migrate to the growth zone between large vitellogenic oocytes, where they undergo vitellogenesis ( Figure 2B ). The developing oocytes are surrounded by a monolayer of accessory cells ( Figure 2A&C ). The previtellogenic oocytes are basophilic (stained dark purple by haematoxylin) and are characterized by a large nucleus/ cytoplasm ratio ( Figure 2A&B ). Vitellogenesis begins at 80^100 mm oocyte size, revealed by the appearance of yolk vesicles and a change to acidophilia in the ooplasm, which results in a pink stain ( Figure 2C&D ). During vitellogenesis, the growing oocytes accumulate yolk vesicles that spread throughout the ooplasm in mature oocytes ( Figure 2D ). The average vitellogenic oocyte size varied considerably, ranging from 85.8 AE7.8 mm in females with newly developing ovaries to 420.8 AE43.4 mm in well developed ones. The maximum oocyte size was 515 mm.
The male gonads are also paired structures overlying the digestive gland. In the histological sections, the testis shows its lobular morphology. The spermatogonia formed layers of cells lining the gonad wall, but in all the males studied, there were no spermatids or spermatozoa, or only in very few numbers ( Figure 2E&F ). From the 20 females analysed, we obtained good histological sections of ovaries for 12 individuals. In the remaining eight females analysed, the ovaries were either not well developed or lost during histology because of poor tissue preservation. There was no evidence of synchrony in the ovarian development of the analysed females. Of the 12 females for which we obtained good histological sections, six had mainly previtellogenic and young vitellogenic oocytes measuring between 50 and 200 mm ( Figure 3AF ), ¢ve of which had been collected in late November 2001 and one (AM30, Figure 3E ) in early January 2003. Five females had ovaries with two distinct cohorts of oocytes, with a ¢rst peak of previtellogenic and young vitellogenic oocytes (50^200 mm) and a second peak of large vitellogenic oocytes larger than 200 mm (Figure 3 G^K). Of these, four females had been collected in late December 2003 and two (AM19 and AM16, Figure  3F&H ) in late November 2001. Finally, one female had a very well developed ovary composed mainly of large vitellogenic oocytes measuring 350 to 500 mm ( Figure 3L ). This female had been collected in late November 2001.
Fecundity
The embryos in broods of Alvinocaris muricola form a dense mass attached to pleopods 1^4 below the female abdomen. There are between 100 to 1200 embryos per pleopod, with a maximum on pleopods 2 and 3 and minimums on pleopods 1 and 4. Total fecundity ranged from 1432 embryos in the smallest female (CL¼14.5 mm) to 5798 embryos in the largest female (CL¼22.5 mm; Figure 4 ). Larger females tended to have larger broods but the correlation between female size and fecundity was only statistically signi¢cant at P50.1 (r¼0.58, 0.055P50.1). This could have been caused by the small sample size and the lack of data points between CL¼14.5 mm and CL¼18.4 mm, as well as by variation caused by brood damage in larger females. Size-speci¢c fecundity (related to CL) ranged from 99 to 258 embryos mm
71
, with an average of 149.1 AE48.0 embryos mm 71 (Table 2) .
A small nematode, Chomadorita sp. nov. (Adenophora) was found in small numbers among the embryos of some females and is being studied (A.Vanreusel & M. Segonzac, unpublished data). One specimen was observed with part of its body inside an embryo, suggesting a predatory action, which could explain the presence of some dark embryos with disrupted development amongst normal embryos.
Embryo sizes
The broods of the 11 females analysed were in di¡erent stages of development, including early embryos with no features i.e. morula aspect ( Figure 5A ,B), advanced embryos with clear body di¡erentiation ( Figure 5C ) and embryos ready to hatch with clear larval features such as well developed eyes and abdomen slightly separated from the cephalothorax ( Figure 5D ). Within the broods, the embryos developed synchronously so all embryos in one batch were at the same stage. The three females from Bioza|« re 2 had broods in an advanced stage of development. The female from M56 had embryos in a medium developmental stage. In the sample from Bioza|« re 3, four females had embryos in an early developmental stage, one female had embryos in a medium stage and one female had embryos in a very advanced developmental stage with some larvae hatching.
The brooded embryos of Alvinocaris muricola are small, with greater diameter ranging from 0.59 mm (early development) to 0.75 mm (late development). There were signi¢cant di¡erences in the mean embryo greater diameter amongst females (ANOVA, F¼137.67, 9df, P50.005), caused by the female with embryos in an early developmental stage (C9 in Figure 6 , diameter¼0.59 AE0.02 mm) and the female with embryos ready to hatch (C8 in Figure 6 , diameter¼0.75 AE0.05 mm). The mean embryo size in the early development stage was 0.65 AE0.02 mm mean greater diameter and 0.55 AE0.02 mm mean lesser diameter (Table 2; Figure 6 ). 
DISCUSSION
The populations of Alvinocaris muricola collected in winter 2004 by trawling in the site north of Regab showed a clear bias towards females. Copley & Young (2006) have also observed a bias towards females in populations of Alvinocaris stactophila in the inner zone of the Brine Pool (Gulf of Mexico). These authors suggest a speci¢c distribution of males and females within the mussel bed, with ovigerous females avoiding the sulphidic or anoxic extremes in the environment (Copley & Young, 2006) . Such behaviour has also been observed in the hydrothermal vent crab Bythograea thermydron, where the ovigerous females are found in signi¢cantly higher abundances at the periphery of the vent site (Perovich et al., 2003) . Another explanation for the signi¢cantly higher proportion of A. muricola females would be protandric hermaphroditism. In some caridean shrimps, the adults can be simultaneous hermaphrodites, where mature females retain the male sexual activity, such as in, for example, species of the genus Lysmata (Baldwin & Bauer, 2003) . However, the spatial distribution of available samples and the data obtained from histological sections were not su⁄cient to determine the processes causing sex ratio bias in A. muricola. The maximum size of females of A. muricola analysed was larger than the maximum size of males. This agrees with Komai & Segonzac (2005) , who compiled data for all specimens of Alvinocaris muricola analysed to date and report a maximum size for females of CL¼23.6 mm and for males of CL¼16.7 mm. The larger size of females is also a common feature in other species of caridean shrimp (Company & Sarda' , 2000) .
The gonads of Alvinocaris muricola are similar to that of other caridean shrimp from non-chemosynthetic ecosystems, formed by paired organs laying over the digestive gland in the cephalothorax (Bauer, 2004) . The gametogenesis of deep-sea crustaceans is identical to that of their shallow-water relatives (Young, 2003) , which supports the hypothesis that gametogenetic patterns are phylogenetically constrained and therefore not a¡ected by environmental conditions (Eckelbarger & Watling, 1995) . The micromorphology of ovaries in A. muricola was similar to that of the three vent shrimps Rimicaris exoculata, Chorocaris chacei and Mirocaris fortunata from the Mid-Atlantic Ridge (Ramirez-Llodra et al., 2000) . The developing oocytes are surrounded by a monolayer of accessory cells involved in the vitellogenic processes, which starts at 100 mm oocyte diameter. The maximum oocyte size measured was 515 mm. This size of mature oocytes is again close to that of the vent shrimp from the MAR, which ranged between 300 and 500 mm (Ramirez-Llodra et al., 2000) . The testis of Alvinocaris muricola was also characteristic of caridean shrimp, with a lobular morphology. There were layers of spermatogonia lining the gonad wall, but no males presented fully developed gonads so the lumen of the testis lobes were empty or had only sparse spermatids. This would indicate that the sperm had been packed in the spermatophores and the males were ready for copulation. The few observations of sparse spermatids in some individuals showed that A. muricola has a£agellate sperm typical of all crustaceans. These non-motile male gametes are an adaptation for fertilization through copulation (Bauer, 2004) .
The majority of deep-sea species from non-chemosynthetic habitats have continuous or quasi-continuous reproduction, but there are examples of seasonally reproducing species at all latitudes and to depths reaching several thousand metres (Young, 2003) . In chemosynthetic habitats, the known data (Tyler & Young, 1999) indicate that most species from vents and seeps are continuous breeders and it has been suggested that these rich environments can provide the necessary energy to sustain asynchronous or quasi-continuous production of eggs. However, seasonal reproduction has been documented from chemosynthetic habitats in the bivalves Bathymodiolus puteoserpentis and B. azoricus in the Mid-Atlantic Ridge, B. childressi from Gulf of Mexico seeps and Calyptogena kilmeri from the Monterey Canyon seeps (see Tyler & Young, 1999 for references). Recently, a study by Copley & Young (2006) gives evidence for the ¢rst time of seasonal reproduction in an alvinocaridid shrimp, Alvinocaris stactophila, from the Brine Pool seeps (700 m depth) in the Gulf of Mexico, with spawning in November (Copley & Young, 2006) . The ¢rst results obtained for A. muricola from the Gulf of Guinea showed females from November 2001 (Bioza|« re 2) with earlier stages of ovarian development than females from January 2004 (Bioza|« re 3). However, only samples from November to early January could be analysed, so the available data is not su⁄cient to determine the timing of the reproductive cycle in this species. In addition, all females had oocytes in all stages of development, all samples had ovigerous females and there was no synchrony of embryo development within samples. These data suggest a continuous egg production with periodic spawning events, but larger samples spanning several seasons of the year are necessary to describe the potential periodicity or even seasonality of this species.
In A. muricola, larger females tended to carry larger broods (ranging from 1432 to 5798 embryos per female). This is characteristic of decapod crustaceans, where the production of eggs is physically limited by the size of the cephalothorax (Corey & Reid, 1991) . The average sizespeci¢c fecundity was $150 embryos mm
71
. This value is similar to the size-speci¢c fecundity of Alvinocaris markensis (M. Segonzac, unpublished data) and Chorocaris chacei (Ramirez-Llodra et al., 2000) from the Mid-Atlantic Ridge, but higher than that of A. lusca from the Gala¤ pagos Rift (Van Dover et al., 1985) , A. stactophila from the Gulf of Mexico seeps (Copley & Young, 2006) and Mirocaris fortunata and Rimicaris exoculata from the MAR (RamirezLlodra et al., 2000; Table 2 ). There seems to be two distinct trends in size-speci¢c fecundity of carideans from chemosynthetic habitats: one group with values around 150 embryos mm 71 and a second group with values between 25 and 55 embryos mm
. However, it is the trade-o¡ between fecundity and embryo size that represents the amount of energy allocated to the production of oogenic material, which a¡ects o¡spring production and survival (Stearns, 1992) . But the size-speci¢c investment in reproduction (fecundityÂembryo size) in all these caridean shrimp (Table 2) is di⁄cult to interpret, because there is no clear relationship with either phylogeny, depth or habitat type (vent vs seep). Alvinocaris stactophila and Mirocaris fortunata produce the larger embryos and have the lowest size-speci¢c fecundity (Copley & Young, 2006; Ramirez-Llodra et al., 2000) , suggesting a higher investment per embryo and higher individual larval survival. On the contrary, A. muricola produces a high number of embryos in the lower range (0.66Â0.55 mm) of embryo sizes for caridean shrimp. This small size of embryos is indicative of planktotrophic larvae with extended development that must feed in the water column to obtain the necessary energy from the several larval instars to postlarva (Bauer, 2004) . One of the major consequences of extended larval development is a higher dispersal and colonization potential, but also a higher larval mortality risk. The production of large embryos that result in large larvae with abbreviated development and/or lecithotrophic larvae has been suggested as an adaptation in deep-sea and high-latitude species to decrease mortality risk in the water column (Bauer, 2004; references within Ramirez-Llodra, 2002) . However, of all described alvinocaridid shrimp from chemosynthetic habitats, data on egg sizes is available only for a few species (Table 2) , all of which have small embryos with a suggested extended development. This could be a selection for long dispersal time in a habitat characterized by its patchiness and high dynamism with catastrophic events.
The relationships between egg size, larval type and dispersal potential are essential to understanding biogeographical patterns. Even so, the larval phase is one of the least known steps in the life cycle of most deep-sea species (Young, 2003) . The planktotrophic larval development of Alvinocaris muricola suggests that this species can disperse and colonize sites geographically distant. Alvinocaris muricola is found at both sides of the Atlantic and recent genetic analyses have con¢rmed that the Gulf of Mexico and Gulf of Guinea populations belong to the same species (S. Hourdez, unpublished data). Taxonomical data, both morphological and molecular, have given evidence of wide geographical distributions for several other species from chemosynthetically-driven habitats, such as vesicomyid clams (Peek et al., 2000) , modiolid mussels (Gustafson et al., 1998; Van Dover et al., 2002) and siboglinid tubeworms (Andersen et al., 2004) . However, the processes driving these distributions are mostly unknown. The interactions between environmental abiotic factors (deep-water currents, geological barriers and distance between sites) and larval characteristics (larval type, behaviour, swimming capabilities, mortality rate) are determinant in gene £ow and colonization patterns (Cowen et al., 2000; Queiroga & Blanton, 2005; Mullineaux et al., 2005) . In the case of alvinocaridid shrimp, the morphological, genetic and biochemical data available on larvae and juveniles of some species indicate that the planktotrophic larvae migrate upwards in the water column and feed on organic matter produced in the photic zone (Pond et al., 1997a; Shank et al., 1998; Herring & Dixon, 1998) . It has been suggested that this vertical movement during dispersal could explain the broad geographical distribution of certain species with feeding larvae entrained in deep-water currents (Van Dover et al., 2002) . In the Atlantic, it has been proposed that the eastward branch of the North Atlantic Deep Water current £owing through the Romanche and Chain fracture zones (Messias et al., 1999) could provide a dispersal pathway for larvae from the Gulf of Mexico to the Western African margin, on a decadal scale and via stepping stone habitats (Van Dover et al., 2002) . Velocity pro¢le studies on the equatorial Atlantic indicate the presence of deep jets related to the Antarctic Intermediate Water and North Atlantic Deep Water layers, with velocities up to 10^20 cm s 71 (Schmid et al., 2005 ) that could increase the velocity of larval transport. However, the e¡ect on larval retention of local hydrodynamics at vents and seeps (Thomson et al., 2003; Mullineaux et al., 2005) , the decrease in the concentration of larvae by di¡usion and mortality during dispersal (Cowen et al., 2000) and the decadal time-scale for transportation of passive particles across the Atlantic (Messias et al., 1999; Arhan et al., 2003) are not favourable to the hypothesis of long-distance larval dispersal for Alvinocaris muricola. In addition, paleophylogeography factors and the role of vent and seep habitats in the distribution of extant alvinocaridid shrimp also need to be taken into account when investigating the phylogeny and biogeography of this group. Molecular studies (COI) indicate that the alvinocaridid shrimp radiated in the Miocene from a vent-like ancestor that gave rise to the seep lineage Alvinocaris stactophila, but further data from other seep species, such as A. muricola, are necessary to understand the role played by seep habitats in alvinocaridid evolution (Shank et al., 1999) . Detailed phylogeographic studies and investigations on larval lifespan and mortality during dispersal combined with hydrographic information (including paleo-hydrography) are essential to determine the potential dispersal of vent and seep larvae across the tropical Atlantic. These complex scienti¢c questions are being addressed by the Atlantic Equatorial Belt ¢eld programme of the ChEss (Census of Marine Life) initiative, which aims at understanding the diversity and distribution of species from chemosynthetic habitats along a longitudinal gradient in the Equatorial Atlantic, from the Gulf of Mexico to the north-west African continental margin, and to understand the forces driving these biodiversity patterns.
